Summary This study was designed to compare two different modalities of TBI which are currently used in clinical practice. The same dose of 750 cGy was given to CBA mice either in a single dose at a low dose rate (4 cGy min-') (STBI) or in a fractionated regimen (six fractions of 125 cGy three times a day) at a higher dose rate (25 cGy min ')(FTBI). After TBI completion we simultaneously studied the in vivo radiation response of bone marrow cells, two murine bone marrow clonogenic cells (CFU-S and GM-CFC) and peripheral blood lymphocytes and granulocytes for a period of 1 month. The percentage of spleen erythrocytic and granulocytic colonies was also determined. No significant differences were observed between the two groups in the first 48 hours after irradiation except in bone marrow cell numbers, probably due to differences in the overall treatment time between the two TBI schedules. After the first 48 hours the repopulation patterns of the different cells were very similar in both groups. These findings suggest that the different dose rates and fractionation used in this study caused similar radiation damage to the murine haemopoietic system. Moreover, no significant repopulation occurred during the longer overall treatment time of the fractionated regimen. These preliminary results must be corroborated with a larger range of doses before any firm conclusion can be drawn.
Recently fractionated total body irradiation (FTBI) schedules have been favoured over single dose total body irradiation (STBI) because they are thought to increase the differential effect between lung and haemopietic tissues (Peters, 1980; Peters et al., 1979) . Lung cells are capable of repairing radiation damage as opposed to haemopoietic stem cells thought to have no or a very limited capacity for repair (Evans et al., 1988; Frindel et al., 1972; Glasgow et al., 1983; Hendry, 1985; Krebs & Jones, 1972; Tarbell et al., 1987; Travis et al., 1985) . However, some authors have shown that dose rate and/or fractionation could play an important role in the survival of haemopoietic stem cells (Hagenbeck & Martens, 1981; Peacock et al., 1986; Puro & Clark, 1972; Song et al., 1987) and suggested that these cells might be capable of repairing radiation damage. This could explain why in clinical practice a higher incidence of graft rejection and leukaemia relapses was observed in patients given T cell depleted bone marrow graft and a fractionated TBI instead of a single dose TBI (Guyotat et al., 1987; Patterson et al., 1986 ).
In our institution over 100 total body irradiations are performed annually and are delivered either in a single fraction at a low dose rate (4 cGy min-) over 4 h or in multiple fractions (6-11) at a relatively high dose rate (25 cGy min-') over a few days (3-4 
Results
No deaths occurred among the irradiated animals during the period of observation. Table I shows that bone marrow cell numbers were significantly lower in the FTBI group the first day after irradiation but later the values were similar in both groups and returned to pre-treatment values by the third week. Figure 1 shows that the surviving fraction of CFU-S/ leg was similarly reduced by 2.8 logs the first day in both groups, and subsequent repopulation brought the values back to normal, 2-3 weeks after TBI. The percentages of granulocytic and erythrocytic splenic colonies are given in Table II . In both groups a similar trend towards an increase in granulocytic differentiation and a decrease in erythrocytic differentiation was observed the first day with a return to normal values 2-3 weeks later. The surviving fraction of GM-CFC/leg was reduced in both groups by 2.5 logs during the first two days. Afterwards repopulation was similar in both groups except on day 7 when the values were significantly higher in the FTBI group (Figure 2) . In both groups, concentrations of peripheral blood granulocytes increased slightly the first day, then decreased moderately before returning to normal values by day 14 with a slight overshoot later. A considerable decline in lymphocyte numbers occurred immediately after irradiation and subnormal values were reached by the end of the observation period in both groups (Figure 3 ). (Evans et al., 1988; Glasgow et al., 1983; Tarbell et al., 1987) yet some other authors have suggested that CFU-S and/or GM-CFC are capable of repairing radiation damage (Peacock et al., 1986; Puro & Clark, 1972; Song et al., 1987 The results showed that the same dose of 750 cGy delivered either as a single fraction at a low dose rate (4 cGy min-1) over 3 h or in several fractions at a higher dose rate (25 cGy min-') over a longer period of time (2 days) gave similar early effects on the murine haemopoietic compartment. Furthermore, a month later there was still no significant difference between the two groups although slightly higher values were observed in the FTBI group.
The early effects after the end of radiation treatments (i.e. the first 48 h) were similar in both groups for all cells except for bone marrow cells. CFU-S and GM-CFC clonogenic cells were reduced immediately after radiation in both groups by 2.8 and 2.5 logs respectively. Differences in dose rates between the 2 schedules (4 cGy min-' versus 25 cGymin 1)
were not very large and therefore it is likely that they played a very minimal role, as previously shown in some authors (Frindel et al., 1972; Glasgow et al., 1983; Tarbell et al., 1987; Travis et al., 1985; Evans et al., 1988) . The similar early effects found in both groups suggest first, that fractionation did not play any role in the sparing of the CFU-S and GM-CFC clonogenic cells, and second that no significant repopulation took place during the fractionated TBI. These conclusions are further supported by the fact that between the two groups no significant differences in the numbers of CFU-S and GM-CFC were observed during the 1 month observation period.
The first day after irradiation, peripheral blood granulocyte numbers were slightly increased in both groups. This transient increase was probably due to a release of mature granulocytes from bone marrow as shown by Harris (1959) and Dutreix et al., (1987) . Differences in bone marrow cell numbers the first day after irradiation were probably due to different treatment durations between the two groups (3 h for the STBI groups and 36 h for the FTBI group); a longer treatment time allowing the elimination of doomed cells.
The pattern of repopulation of bone marrow cells, and CFU-S was similar in both groups and lead to a complete recovery I month later. This finding suggests that bone marrow clonogenic cells and possibly their microenvironment, thought to be critical in haemopoietic recovery (Hendry, 1985; Schofield & Dexter, 1982) were similarly affected by the two different radiation protocols. However, a much longer follow-up is warranted to determine damage caused to the microenvironment by the different radiation treatments.
Both irradiations induced the same changes in clonogenic cell differentiation resulting in an early increase in granulocyte colonies and a concomitant decrease in erythrocyte colonies as already reported by Frindel et al. (1980) . The E/G ratios were significantly decreased in both groups, soon after irradiation with a return to normal values by the end of the second week (Table II) .
GM-CFC clonogenic bone marrow cells in both groups showed a similar repopulation pattern except on day 7 when significantly different surviving fractions were observed. This finding might be due to an earlier start in either GM-CFC repopulation or CFU-S differentiation towards GM-CFC progenitors in the FTBI group. However, it cannot be excluded that the difference is purely artefactual since the analysis was performed 9 days after the start of the fractionated radiotherapy and only 8 days after the start of the single dose radiotherapy.
Repopulation of the peripheral blood granulocytes was similar in both groups with a slight overshoot by the end of the month for which there is no clear explanation. On the other hand lymphopenia was still present at the end of the observation period in both groups suggesting that both types of irradiation are equally immunosuppressive.
In conclusion, although the underlying mechanisms are complex and not fully understood, our study indicates that fractionated and single dose TBI have similar effects on the murine haemopoietic system. It suggests that both TBI regimens could be given to patients for bone marrow transplantation provided that radiation damage to the lung is not increased by either of the two schedules. However, these results should be corroborated with a larger range of doses for firm conclusions to be drawn and is the subject of an ongoing study.
